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SPACESHUTTLEAFRSIGAPFIX TEST0S313
IN THEAEDC/USAF16T PROPULSIONTRANSONIC

WINDTUNNELUSINGMODEL129-9 INSTALLEDIN
THEMODEL96-9 TESTFIXTURE

by

B. A. Marshall
Rockwell International

Space Transportation & Systems Group

ABSTRACT

An experimental investigation (0S313) was conducted in the Arnold Engineer-

ing DevelopmentCenter (AEDC)16T Transonic Propulsion Wind Tunnel from

Novemberi, 1982 through November4, 1982. The purpose of this test was

to evaluate AdvancedFlexible Reusable Surface Insulation (AFRSI) joint

gaps on a panel with AFRSIapplied in accordance to Orbiter Vehicle 099

Orbital Maneuvering Subsystem(OMS)pod specifications. A second

objective was to determine the performance of five candidate joint

stabilizer designs under ascent loading conditions.

Four panels were tested during test OS313:one calibration panel, one AFRSI

control panel and two AFRSI_ixed-gap panels. The calibration panel test

results showedthat the 96-9 test fixture performed more efficiently in

the AEDC16T than it had in previous tests performed in the NASA/Ames

Research Center (ARC) llxll-foot Wind Tunnel. It should be noted that

baseline gaps appeared on the control panel. These gaps were observed

to be about half the magnitude of those observed during earlier tests at

ARC. Four of the five joint stabilizer designs were found to be acceptable

as joint fixes.
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INTRODUCTION

AdvancedFlexible Reusable Surface Insulation (AFRSI) is presently under

consideration as a potential replacement for the Low-Temperature Reusable

Surface Insulation (LRSI) tiles on the SpaceShuttle Orbiter Vehicle.

The AFRSI is a quilted blanket consisting of silica fiber felt insulation

material with a quartz thread stitched through the three layers of material.

The blanket IML is bonded to the skin of the vehicle while the OMLface

is exposed to the hlgh-pressure gradients, fluctuating acoustic pressures,

and the wind shear stresses attendant to atmospheric flight. The blankets

are pliable, but individual fibrous elements are hard and brittle, and

susceptible to damage, especially where they cross each other.

The purpose of test OS313was to evaluate AFRSI joint gaps on a panel with

the AFRSIapplied in accordance to 0V-099 OMSpod specifications. A

second objective was to determine the performance of five candidate joint

stabilizier designs under ascent loading conditions.

Four panels were tested during 0S313: one calibration panel, one AFRSI

control panel and two AFRSI fixed gap panels. The 96-_ test fixture was

employed for this test and had to be recalibrated because it had never

been used in the AEDC16T wind tunnel. All previous tests requiring

the 96-_ test fixture were performed in the ARCll-ft. UPWT.

The calibration panel test results showed that the 96-_ test fixture

performed more efficiently in the AEDC16T wind tunnel. The local test

conditions over the calibration panel duplicated the previous tests in

the ARCll-ft. UPWT(see Figure 3a). However, it should be noted that



INTRODUCTION(Continued)

the freestream Machnumberhad to be lowered by 0.06 in the 16T tunnel

in order to obtain the sameconditions that were obtained in the ARC

ll-foot UPWT. In addition, the freestream total pressure had to be

lowered 200 psfa in the 16T tunnel to achieve the desired shock strength.

This effect has been attributed to wind tunnel wall constraints on two-

dimensional models with large negative pressure gradients.

The first AFRSIspecimen to be tested was an AFRSIcontrol panel. The

remaining two AFRSIspecimenswere used to determine the performance of

five candidate joint stabilizer designs under ascent loading conditions.

The five joint stabilizer designs included film former, T-gap filler,

standard gap filler, densification and heavy fabric gap filler configuration

(see Figure id).

All three AFRSIspecimenswere subjected to minimumwind tunnel exposure

missions and an equivalent exposure of i00 missions of ascent loading.

In addition, the three AFRSIspecimenswere tested at Machnumbers from

0.74 to 0.82 and total pressure of 1970 psf.

All test objectives were met. Baseline gaps appeared on the control

panel. These gaps were observed to be about half the magnitude of those

observed during previous tests at the ARCll-foot UPWT. The film former,

T-gap filler, standard gap filler, and heavy fabric gap filler were found

to be acceptable as joint fixes. The blanket edge densification was

found to be unacceptable as a joint fix.



INTRODUCTION(Concluded)

This report presents information on the conduct of test 0S313, des-

criptions of the test fixture, test facility and instrumentation, and

pressure data collected during the test. Photographs of the test

fixture, calibration panel and three AFRSIpanels are also included.



SYMBOL

CP, Cp

DP

DTDPS

H

HREFP

LEF

M

P

PL

PI01-214

PC

PCPI5_36

PSF,psf

PKI-14

PKRMSI_14

PN,Point

PREF

PSRMSI5-36

PT

Q,q

Rexi0 -6

SHxlO+3

NOMENCLATURE

DEFINITION

Local Pressure Coefficient

Selected differential pressure, psf

Difference between test section static and

dewpoint temperature, degrees Fahrenheit

Simulated geopotential altitude, feet

High response reference pressure, psf

Leading edge flap angle, degrees

FreestreamMach Number

Freestream static pressure, psf

Local static pressure

Test fixture pressure nomenclature, Cp

Tunnel plenum pressure, psfa

Calibration panel pressure nomenclature

(Statha_ transducers), Cp

Pounds per square foot

Test fixture Kulite pressure nomenclature, CP

Test fixture Kulite root-mean-square pressure,

Point number (a single record of all test

parameters)

Pressure reference, psf

Calibration panel root-mean-square pressure

(Statham_transducers), psi

Freestream total pressure, psfa

Freestream dynamic pressure

Freestream unit Reynolds number times 10 -6,

1/foot

Tunnel specific humidity times 10+3



SYMBOL

TDP

TPR

TT

TTR

WA

X

Other Symbology Includes:

AEDC/USAF

AFRSI

APPROX.

ARC

ASAP

CONF. NO.

DELPI

HR

IML

IN

K®

LRSI

OML

OMS

NOMENCLATURE (Continued)

DEFINITION

Dewpoint temperature, degrees Fahrenheit

Tunnel pressure ratio

Tunnel total temperature, degrees Fahrenheit

Tunnel absolute total temperature, degrees
Rankine

Test section average wall angle, degrees

Longitudinal distance positive, inches aft of

panel leading edge

Lateral distance positive, inches right of

panel centerline

Arnold Engineering Development Center/
United States Air Force

Advanced Flexible Reusable Surface Insulation

Approximately

Ames Research Center

As Soon As Possible

Configuration Number

Primary input deletion and selection code

High response or hour

Inner Mold Line

Inches

Kulite

Low Temperature Reusable Surface Insulation

Outer Mold Line

Orbiter Maneuvering Subsystem

i0



MIN.

NASA

RUN,RN

SEC.

Sq.

T/A

UPWT

NOMENCLATURE(Concluded)

Minutes

National Aeronautics and SpaceAdministration

Run number (a data subset containing variations
of one independent parameter)

Second

Square

Test Article

Unitary Plan Wind Tunnel
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CONFIGURATIONSINVESTIGATED

Test Fixture Description

The 96-_ test fixture was employed for the test. The fixture, depicted

in Figure la, functions to cause an expansion shock pattern ahead of the

specimen, followed by a recompression shock region with attendant positive

pressure gradients and high turbulence levels over the test specimen.

The mechanismemployed to produce the desired expansion/recompression

shocks was a 48-inch span, 15-inch chord flap located at the leading edge

of the fixture. The flap was capable of being rotated through angles of

zero to 30 degrees by a remotely controlled hydraulic actuator. However,

the flap was set at 18° incidence angle (L.E. down) and left constant during

the testing of the three AFRSIspecimens. The flap was positioned at 18

and 20 degrees during the testing of the calibration panel.

The fixture was equipped with side plates to make the flow field two-dimensional

in the test area. The plates extended from a height of 30 inches above the

top of the test panels to 29 inches below the test panels and were supported

underneath. The beveled leading edges of the plates were located 26 inches

forward of the leading edge of the test specimens.

A sealed pressure box enclosed the area under the test articles. The box

was vented to the tunnel plenum for this test. Shims and spacers were used

to bring the leading edge of the test article flush with the surface of the

fixture.

Test Specimens

The AFRSIblankets consist of silica fiber insulation material covered with

an open-weavesilica cloth. The covering is affixed to the felt with

12



CONFIGURATIONSINVESTIGATED(Continued)

quartz thread, employing a modified lock stitch through both materials.

Model 129-_ designates four test articles: one calibration panel and three

interchangeable AFRSI test specimens. The three AFRSI test specimens

were designated ND-14-1, ND-14-2 and ND-14-3.

EachAFRSI test specimen included a support plate, the AFRSImaterial

bonded to the support plate, and a frame which protects and holds the AFRSI

edges. Wheninstalled, the frame of the test specimenwas flush with the

adjacent surface of the fixture to the extent possible, particularly at the

leading edge.

The calibration panel was used to determine the tunnel and fixture conditions

needed to produce the desired test conditions for the AFRSIspecimens.

There were 22 pressure transducers located longitudinally on the panel

centerline as seen in Figure ic.

Test specimenND-14-2 was the first AFRSIpanel to be run during test 0S313.

This panel was a control panel. It had been exposed to 1500°F, but not to

wind tunnel testing prior to test 0S313. Panel ND-14-2 had not been water-

proofed prior to this test. Figures le through i_ describe panel ND-14-2

before and after each phase of wind tunnel testing during test 0S313.

Test specimen ND-14-3was run next. This panel had been exposed to 1800°F

and wind tunnel testing prior to test 0S313. Also, panel ND-14-3 had

blankets that were fabricated hy Laboratories and Test and had somefixed

gaps. This panel was not waterproofed prior to the test. Figure im

through lq describe panel ND-14-3 before and after each phase of wind tunnel

testing during test OS313.

13



CONFIGURATIONSINVESTIGATED(Concluded)

Test specimenND-14-1 was run last. This panel had been exposed to

1500OFand wind tunnel testing prior to test 0S313. Also, panel ND-14-3

had blankets that were fabricated at J-M and gaps that were a result of

previous wind tunnel testing. These gaps were fixed and the specimen

was waterproofed prior to this test. Figures ir through ix describe panel

ND-14-1before and after each phase of wind tunnel testing during test

0S313.

14



INSTRUMENTATION

Data recorded during test 0S313were measuredby dynamic pressure transducers

(Kulites), and static pressure orifices. In addition, a potentiometer was

used to indicate the position of the leading edge flap.

The 96-_ test fixture was instrumented with 14 Kulite transducers to measure

peripheral fluctuating pressures. The locations are shown in Figure ib

and listed in Table III. In addition, 22 Statham transducers were located

longitudinally on the calibration panel as shownin Figure ic.

The reference tubes of all Kulites in any given configuration were connected

to a commonmanifold which was vented to the tunnel static pressure. The

Kulites were already installed in the fixture prior to test OS313.

The 96-_ test fixture was also instrumented with 28 peripheral static

pressure orifices. The locations are shownin Figure ib and listed in

Table III. Data from these taps were recorded during all runs.

All fixture static pressures were measuredon the facility-supplied p2B

system located beneath the test section.

The flap drive system included a position transducer to measure the angular

deflections of the flap.

15



TESTFACILITYDESCRIPTION

The AEDCPWT16 foot Transonic Tunnel (Propulsion Wind Tunnel, Transonic

16T) is a continuous-flow closed-circuit tunnel capable of operation within

a Machnumber range of 0.20 to 1.60. The tunnel can be operated within

a stagnation pressure range of 120 to 4000 psfa depending upon the Mach

number. The stagnation temperature can be varied from an average minimum

of about 80 to a maximumof 160°F as a function of cooling water tempera-

ture. Using a special cooling system of mineral spirits, liquid nitrogen,

and liquid air, the stagnation temperature range can be varied from +30

to -30°F. Supersonic velocities are obtained by use of flexible-wall,

Laval type nozzles.

The test section is 16 feet square (in cross section) and 40 feet long.

The entire test section and supporting structure is constructed as a

separate unit, called the test section cart, and is removable from the tunnel

circuit. The test section carts maybe movedto the model installation

building where the test article and associated equipment are installed.

Two40 foot long test section carts are available for testing throughout

the design temperature range. These carts are each 20 feet long and are

used in pairs to form the 40 foot long test section. Each cart mayhe

used in either the forward or aft position in the test section.

The test section is completely enclosed in a plenum chamberwhich can

be evacuated, allowing part of the tunnel main flow to be removed through

the test section perforated walls, thereby unchoking the test section at

near sonic speeds and alleviating wall interference effects.

16



TESTFACILITYDESCRIPTION(Concluded)

The 16T standard sting support system was used to support and position

the 0.03-scale model in the test section during the first test entry.

The model was supported by a dual sting arrangement consisting of two,

2.0 in. diam. stings exiting from the bases of the left and right hand

solid rocket boosters (SRB). These stings were then attached by adapters

to 4.16 in. diam. parallel stings which were mounted into the sting support

system. This support arrangement allowed the base of the orbiter to be

essentially free from any support system interference.

The sting support system utilizes computer control to position the model

at angles-of-attack and sideslip by meansof combinations of pitch and

roll angles. This model support system is advantageous in that the model

can be maintained, at, or close to, the tunnel centerline where flow

angularity is a minimum. It has the disadvantage, however, of relatively

slow pitch and roll rates (0.17 deg/sec and 1.25 deg/sec, respectively).

v 17



TESTPROCEDURE

First, the AFRSI test specimenswere subjected to the scheduled conditions

just long enough to conduct a Machsweep. The tunnel was then shut down

and the specimenswere inspected. Next, the specimenswere subjected to

the scheduled conditions for a total cumulative time of approximately 42

minutes. This time duration is equivalent to 400 missions (i00 missions

with a scatter factor of four). The clock was not started until the

test section dynamic pressure exceeded 400 psf. A summaryof the test

conditions and the runs completed during test 0S313 is shownin Tables I

and II, respectively.

ig



DATAREDUCTION

Standard tunnel equations were used during test OS313to compute all

tunnel conditions. All local static pressure data were reduced to

standard coefficient form using the following equation:

Cp =
(PL - P) x 144

q

Fluctuating pressure data were recorded on magnetic tape and reduced after

the test.

Static pressure data for test 0S313are presented in Figure 3.

19
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TEST : 0S-313

_ABLE_I

I
TEST CONDITIONS

DATEI II-H-82

MACHNUMBER

O.qO

0.60

0.70

O. TZ

o.7'_

0.76

o.v8
.i

0.80

o. 82

o. Ss

o.8_

0.88

REYNOLDSNUMBER

(per unit length)

DYNAMICPRESSURE

(pou.ds/_. _:60"I"}
I

1.883 × 10 4 15"q.8

316.1

'_.3#z

4. vo?

_. t4q7

'-L5"I s"

723.6

? q._. 5"

7_/.I

iTAGNATION TEMPERATURE

(degrees Fahrenheit)

80

80

tOO

.BALANCE UTILIZED:

NF

SF

AF

PM

RM

YM

N/_

CAPACITY: ACCURACY:
-COEFFICIENT

TOLERANCE:

COMMENTS:
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TABLE III
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